A high flocculation performance composite flocculant was prepared with sodium alginate, polyaluminium ferric chloride and cationic polyacrylamide. And the composite flocculant was used in papermaking wastewater treatment. Results indicated that it achieve the best flocculation performance when the raw material mass ratio was 2:1:1, the dosage of the composite flocculant was 20 mg/L, and the removal efficiency of COD and turbidity with this composite flocculant reached 89.6% and 99.2%, respectively.
Introduction
Papermaking wastewater contains lignin, cellulose, difficult degradation substances and many tiny colloidal materials [1] [2] [3] . And flocculation is widely used to papermaking wastewater pretreatment or advanced treatment [4] . Flocculants are the materials, which are used in fast solid-liquid separations. They act on a molecular level on the surfaces of the particles to reduce repulsive forces and increase attractive forces [5] .
Sodium alginate flocculant is widely used in medicine, food, printing, dyeing, papermaking and other industries as its gelling ability, stabilizing properties, and high viscosity in aqueous solutions [6] [7] [8] . Sodium alginate is a polysaccharide carbohydrate which is a linear polymer consisting of (1-4)-poly-β-D-mannuronic acid and (1-4)-α-L-guluronic acid [9] [10] [11] . Sodium alginate can be extracted from the kelp seaweeds and other algae [12] . Sodium alginate is a flocculation reinforcing agent in papermaking wastewater treatment and it is acted as a framework material in flocculation. It will accelerate the forming of flocculation particles and shorten the time of flocculation.
As an inorganic polymer flocculant, polyaluminium ferric chloride is widely used in industrial wastewater because of the bigger flocs, more rapid settling and wide subject range of pH compared with aluminum sulfate and polyaluminium chloride [13] . And cationic polyacrylamide as a flocculant aid, it could reduce the dosage of flocculants, increase the flocculation rate and improve the stability of flocs in wastewater treatment [14] . Aguilar et al. used polyacrylamide as flocculant aid to improve the process of coagulation-flocculation [15] .
On the basis of the advantages of sodium alginate, polyaluminium ferric chloride and cationic polyacrylamide, we tried to prepare a composite flocculant consisting of sodium alginate, polyaluminium ferric chloride and cationic polyacrylamide to treat papermaking wastewater. The main objective of this study was to evaluate the flocculation performance of the composite flocculant.
Materials and Methods

Materials
Sodium alginate (SA) was procured from Chemical Reagent Factory (Shanghai, China). Polyaluminium ferric chloride (PAFC) was purchased from Chemical Co., LTD (Shenyang, China). Cationic Polyacrylamide (CPAM) was obtained from Silver Rings Chemical Co., LTD (Guangzhou, China). All chemicals were of analytical grade.
Preparation of the Composite Flocculant
SA, PAFC and CPAM were added to the distilled water until dissolution to make a stock solution, respectively. The stock solution of SA, PAFC and CPAM was mixed using a magnetic stirrer (Model 78-1, Jintan splendor equipment manufacture Co., LTD, Jiangsu, China), adjusting pH, stirring and settling for some period of time to prepare the composite flocculant.
Flocculation Experiment
Wastewater samples from the wastewater before air flotation phase with 1208mg/L of COD, 415NTU of turbidity value, 7.1 of pH and 30˚C of water temperature was supplied by a Paper Mill located at Hubei province in China.
In each experiment, once the composite flocculant was added, the wastewater was stirred at a certain velocity for a few minutes on a six-port combined mixer (Model S2-1, Scientific Apparatus Company, Shengzhen, China), kept the wastewater settling for a while, the upper fluid was used to measure COD and turbidity in the treated water samples.
COD was measured with a COD digestion device (Model 5B-1C, Lian Hua Environmental Protection Science and Technology Co., LTD, Lanzhou, China). Turbidity was measured with a turbidity meter (Model XZ-1B, Lei Gu Apparatus Co., LTD., Shanghai, China). All experiments were conducted at least in triplicate.
Results and Discussion
The Preparation Conditions of the Composite Flocculant
The orthogonal experimental was conducted to confirm the optimum conditions of the composite flocculant. And the mass ratio of the raw material, pH and reaction time were chosen as the factors. Table 1 was the orthogonal layout of the composite flocculant. Table 2 was the results of the orthogonal experimental. k 1 , k 2 , k 3 were the mean removal efficiencies of COD each factor under three levels. And k І , k П , k Ш were the mean removal efficiencies of turbidity each factor under three levels. As shown in Table 2 , the optimum formula was A 2 B 3 C 2 on removing COD and turbidity. On removing COD, the influence of the materials' mass ratio was much more than pH and reaction time, and the influence of reaction time was more than pH. On removing turbidity, the materials' mass ratio was the most influence, the next was reaction time and the last was pH. When SA:PAFC:CPAM was 2:1:1, the best flocculation performance was achieved.
Effect of Dosage of the Composite Flocculant
To determine the effect on COD and turbidity removal using composite flocculant, a series of tests were conducted to determine the optimal dosage of composite flocculant. Six kinds dosage of the composite flocculant were prepared. And the optimal one was determined. The results indicated that the optimal dosage was sample 4, as shown in Table 3 . And the optimal dosage of the composite flocculant was 20 mg/L. The efficiency in the removal of COD and turbidity were enhanced with the increased dosage of composite flocculant. And the removal efficiencies of COD and turbidity reached the highest level when treated by sample 4 flocculant formula. However, with the continuously increased dosage of composite flocculant, the effect on reducing the concentrations of COD and turbidity was gradually decreasing. It was because that the particles would be encompassed by excess dosage of composite flocculant, losing the chance to combine with other particles and reaching another stable situation. It made the particles difficult to aggregation and reduced the flocculation efficiency. So, the optimal dosage was Table 4 showed that the highest removal rate of COD and turbidity at pH 7 -8. The explanation for this as follows: Colloidal substances were usually negatively charged in papermaking wastewater, while CPAM contained acylamino and it had great cationic degree and strong positive electricity, so that it had a good charge neutralization ability and it could adsorb particles for compressing double-charge-layer to made particles destabilize. Besides, the methyl of acylamino was hydrophobic. It would reach toward the surrounding in wastewater sample; increased the interfacial tension of solid-liquid, the repulsive force and the contact angle of water; thus improved the effect of flocculation. But it would reduce the treatment effect when pH value was too high. The alkaline environment was prone to cause rapid hydrolysis of aluminum ions in flocculation and the charge neutralization ability would be reduced [16] .
Effect of pH Value
Effect of Stirring Speed
A series of tests were conducted to study the flocculation effectiveness of composite flocculant under different stirring speed. The experimental results in Table 5 showed that the removal efficiency of COD and turbidity reached Table 6 showed that the removal efficiency of COD and turbidity reached 87.8% and 97.5%, respectively, at the slow stirring speed of 40r/min. It could be attributed to the effect of mixture and reaction stages of the flocculation process [17] . At the mixture stage, rapid stirring speed was required to make the composite flocculant diffuse into the wastewater rapidly and evenly. It created good conditions for the hydrolytic polymerization and made colloid destabilization and aggregation. At the reaction stage, slow stirring speed was required to make flocculation particles into large flocs with good settalbility. But the stirring speed should not be too fast as it would break down the flocs and affected the effect of flocculation. So, the stirring speed played an important role in flocculation.
Effect of Stirring Time
A series of tests were conducted to study the flocculation effectiveness of composite flocculant under various stirring time. The experimental results in Table 7 showed that the removal efficiency of COD and turbidity reached 88.4% and 98.2%, respectively, at the rapid stirring time of 2.5 min. And Table 8 showed that the removal efficiency of COD and turbidity reached 89.1% and 98.9%, respectively, at the slow stirring time of 9 min. The explanation for this was two-folded: At the mixture stage, it only needed few minutes to make the composite flocculant diffuse into wastewater and got good flocculation effect. At the reaction stage, it needed a little longer to make the flocculation particles into big one and it would sediment rapidly so as to improved flocculation effect. The second reason was the effect of sodium alginate. As a polymeric flocculant, sodium alginate mixed in wastewater only need few minutes and it would make sense rapidly.
Effect of Settling Time
Settling time had a direct influence on the effect of flocculation. A series of tests were conducted to study the flocculation effectiveness of composite flocculant under various settling time (10, 15, 20, 25, 30, 35 min) . The removal rate of COD and turbidity reached 89.6% and 99.2%, respectively, at the settling time of 30 min as shown in Table  9 . Sediment stage followed after the flocculation process. The removal rate of COD and turbidity would very low if the settling time was too short. Some of small flocs and suspended matter would not reach the bottom of the beakers so as to the low removal efficiency of COD and turbidity. The removal rate of COD and turbidity would increase with the increasing of settling time. But it would stay the same when the settling time reached the optimal one.
The Mechanism of Flocculation
Sodium alginate was an anionic polyelectrolyte and it was a high polymer material with carboxyl groups. It had the structure of three-dimensional. Sodium alginate was a flocculation reinforcing agent in papermaking wastewater treatment and it was acted as a framework material in flocculation. Polyaluminium ferric chloride was an inorganic macromolecule flocculant. It combined the advantages of aluminum salt and ferric salt flocculant. Polyaluminium ferric chloride made the colloid destabilization and aggregation [18] . Its own positive charge would neutralize negative charge of the colloid to make the colloid into flocs and sediment so as to remove pollutants.
Cationic polyacrylamide was an organic macromolecule flocculant. Its polymer long chain which was adsorbing on the surface of the particles would adsorb the other particles. That was, cationic polyacrylamide linked many particles together and made them into flocs [19, 20] . Besides, its positive charge would neutralize negative charge of the co- lloid to make the colloid into flocs and sediment so as to remove pollutants. With the adding of sodium alginate in wastewater, it was good at adsorbing the colloid at the synergistic effect of materials which closed to carboxyl groups. And the positive charge of polyaluminium ferric chloride and cationic polyacrylamide neutralized negative charge of sodium alginate to avoid decreasing the removal rate of COD and turbidity. Besides, positive charge's mutual superposition of polyaluminium ferric chloride and cationic polyacrylamide could improve the ability of charge neutrality.
With the force of sodium alginate, polyaluminium ferric chloride and cationic polyacrylamide, the composite flocculant made a good flocculation performance on removing COD and turbidity in papermaking wastewater.
Conclusions
A composite flocculant was prepared for treating papermaking wastewater and its effect of the flocculation was studied. And the conclusions as follows:

The composite flocculant consisting of sodium alginate, polyaluminium ferric chloride and cationic polyacrylamide and the optimal dosage of the composite flocculant was 20 mg/L;  The optimal treatment conditions were that pH value was adjusted to 7 -8; rapid stirring speed and slow stirring speed were 200 r/min and 40 r/min, respectively; rapid stirring time and slow stirring time were 2.5 min and 9 min, respectively; and settling time was 30 min.
The highest removal rate of COD and turbidity with the composite flocculant reached 89.6% and 99.2%, respectively.
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